r. Bras. ci. Solo, 36:183-191, 2012 improving N use efficiency and avoiding unnecessary N supply to common bean. The NSi 90 % of the reference area was more efficient to define the moment of N sidedressing of common bean, to increase N use efficiency. 
iNTroducTioN
Nitrogen is the nutrient taken up in highest amounts by common bean (Phaseolus vulgaris l.), since it is a constituent of amino acids, proteins, enzymes and the chlorophyll molecule, with a marked effect on photosynthesis and therefore on crop growth and yield (malavolta et al., 1997; Soratto et al., 2004) .
although the common bean satisfies part of its requirements for N by symbiosis with bacteria of the genus Rhizobium (Pelegrin et al., 2009) , N fertilizer must be supplied to achieve high yields (Santos et al., 2003; Silveira et al., 2003; Soratto et al., 2004 Soratto et al., , 2005 Soratto et al., , 2006 farinelli et al., 2006; Barbosa filho 2008 Barbosa filho , 2009 Pelegrin et al., 2009 ). The demand for N sidedressing is usually determined by one of four methods: a) visual crop inspection, b) traditional recommendations based on the plant response curve to N, developed in field experiments (Silveira et al., 2003) , c) observation of the soil organic matter content and, more recently, d) data of previous crops, especially in the Brazilian States of rio grande do Sul and Santa catarina (amado et al., 2002) . There is no efficient laboratory method to assess the soil capacity to supply N to plants (Barbosa filho et al., 2008) . however, due to the complex dynamics of N applied to soil, it is very difficult to know whether the dose recommended for a given crop is sufficient to enable the plants to achieve their yield potential, or if it is excessive, increasing costs and causing environmental risks (Santos et al., 2003; Silveira et al., 2003) . additionally, if simple recommendations are followed, the moment of N fertilization may fail to coincide with the period of highest crop demand for this nutrient (Barbosa filho et al., 2009 ).
Between 50 and 70 % of all N in the leaf consists of chlorophyll (Pan et al., 2004) . Therefore, the development of the chlorophyll meter to provide a non-destructive, instant reading of the relative chlorophyll concentration in the leaves, positively correlated with N concentration (Silveira et al., 2003; Soratto et al., 2004; Barbosa filho et al., 2008 Barbosa filho et al., , 2009 , is an alternative for determining plant N levels. estimating the relative chlorophyll concentration also provides an indicator of common bean N levels closely correlated with bean yield (Soratto et al., 2004; Barbosa filho et al., 2008) .
The portable chlorophyll meter is easy to use and can be an important tool in deciding whether and when N supply is needed (hussain et al., 2000; Barbosa filho et al., 2008 Barbosa filho et al., , 2009 . The meter operation is simple and based on diodes that emit light (bands 650-940 nm) through the leaf (transmittance), to provide an indirect measurement of the relative chlorophyll concentration, expressed as the relative chlorophyll index (rci) (Nunes, 2003) .
To test the rci, Barbosa filho et al. (2008 Barbosa filho et al. ( , 2009 proposed setting up a reference area in the plantation, fertilized based on chlorophyll meter readings. The dose to be applied to the reference area should be high, from1.8 to 2 times the recommended dose for the crop, so as to produce the maximum chlorophyll concentration in the leaves and ensure that no N-deficiency can occur (hussain et al., 2000) . To facilitate this type of management, the N sufficiency index (NSi) is calculated using the ratio of the rci in the crop leaves by the leaves in the reference area (no N-deficiency), so that N can be applied whenever the crop plant NSi drops below 90 % of the NSi in the reference area. The authors managed to reduce the N supply, but the yield of the crop managed indirectly based on the chlorophyll meter readings in the reference area was significantly lower indicating that the NSi determined as 90 % of the reference area may induce to N-deficiency in the bean crop, i.e. the value of 90 % of the NSi of the reference area could have been too low so that the existing N-deficiency in the bean crop was not detected. according to Varvel et al. (1997) , if the NSi is below 90 % at the 8-leaf stage of maize, N-deficiency cannot be corrected by sidedressing application to maximize yield. Jemison & lytle (1996) concluded that an NSi below 93 % indicated N-deficiency. Blackmer & Schepers (1994) and Varvel et al. (1997) set the N-deficiency threshold at 95 % for this crop. however, a suitable NSi to indicate when N sidedressing is required in common bean still needs to be defined.
The purpose of this study was to evaluate the efficacy of NSi levels of 90 and 95 %, calculated based on the rci of leaves in a reference area, measured with a portable chlorophyll meter, as an indicator of when the common bean cultivar Perola needs N sidedressing.
maTerial aNd meThodS
The study was conducted in the rainy and dry growing seasons in the 2009/2010 agricultural year, in Botucatu, São Paulo State, Brazil (48º 23' W, 22º 51' S, 765 m asl). according to the Köppen classification, the climate is cwa, characterized as highland tropical, with a dry winter and hot, rainy summer.
The experiment was carried out in areas that had been under no-till for around 10 years. for the rainy growing season, common bean was sown on 8/12/2009 in an area previously planted with maize/ white oat/maize. for the dry growing season, the seeds were sown on 2/09/2010 in an area previously used for maize/black oat/pearl millet. The row spacing was 0.45 m and seed density 16 seeds per meter.
The soil was classified as a dystroferric red Nitosol. Before setting up the experiment for each growing season, soil samples were taken in the 0-20 cm layer to determine the chemical properties. for the rainy growing season, the results were: ph (cacl 2 ) = 4.7; om = 27.0 g dm -3 ; P(resin) = 61 mg dm -3 ; h + al = 53 mmol c dm -3 , K + = 3.3 mmol c dm -3 , ca 2+ = 24 mmol c dm -3 , mg 2+ = 10 mmol c dm -3 , cec = 90 mmol c dm -3 , and base saturation = 41 %. for the dry growing season: ph (cacl 2 ) = 5.0; om = 30.0 g dm -3 ; P(resin) = 32 mg dm -3 ; h + al = 73 mmol c dm -3 , K + = 2.2 mmol c dm -3 , ca 2+ = 30 mmol c dm -3 , mg 2+ = 17 mmol c dm -3 , cec = 98 mmol c dm -3 and base saturation = 50 %.
The experiment was arranged in a randomized complete block design with five treatments consisting of N sidedressing management in the form of ammonium nitrate and four replications. The N doses were m1: 40 kg ha -1 N at sowing + 80 kg ha -1 15 days after emergence (dae) + 80 kg ha -1 30 dae, and this was the designated reference treatment (twice the maximum dose of N recommended for the crop (ambrosano et al., 1997) , to ensure there is no N-deficiency); m2: 20 kg ha -1 N at sowing + 40 kg ha -1 15 dae + 40 kg ha -1 30 dae, a dose based on the local recommendation given by ambrosano et al., 1997; m3: 20 kg ha -1 N at sowing + 30 kg ha -1 when chlorophyll meter readings indicated NSi < 95 %; m4: 20 kg ha -1 N at sowing + 30 kg ha -1 when chlorophyll meter readings indicated NSi < 90 % and, m5: control (without N application) . each experimental unit consisted of eight 6m-long rows, of which the six central rows of the plot were evaluated, without the borders of 0.5 m at either end of each row.
The basic P and K fertilization applied at sowing in the rainy and dry growing seasons consisted of 40 kg ha -1 P 2 o 5 and 40 kg ha -1 K 2 o, in the form of simple superphosphate and potassium chloride. Both crops were irrigated by a conventional sprinkler system, with an irrigation level of 7.0 mm, according to the crop requirements, in the early morning hours. chlorophyll meter readings (minolta SPad-502) were first taken 15 dae (stage V 3 ) and then weekly until 64 dae (stage r 8 ) on five randomly selected plants per experimental unit. Two readings were taken per trifoliate on the last fully expanded trifoliate leaf. a total of 30 readings per plot were taken, from the middle of the leaf blade, avoiding the ribs.
The NSi was calculated based on the ratio of the rci values (measured using a minolta SPad-502 chlorophyll meter) in each treatment plot (TP) and in the reference plot (rP) using equation 1.
( 1) in the rainy growing season, N had to be supplied (NSi < 95 %) in treatment m3 15, 22 and 43 dae, totaling 110 kg ha -1 N, but for treatment m4, monitoring indicated that N sidedressing was only required 22 dae, totaling 50 kg ha -1 N sidedressing. in the dry growing season, treatment m3 required 80 kg ha -1 N, i.e. sidedressing 15 and 37 dae, whereas treatment m4 required no N sidedressing.
full flowering (r 6 ) of the Perola cultivar in the rainy and dry growing seasons occurred on 10/05/2009 (44 dae) and 03/22/2010 (36 dae), respectively. at this stage, the following evaluations were conducted: (a) aboveground dry matter: eight plants were collected per plot, dried to constant weight in a forced convection oven at 60-70 °c; (b) total N concentration in the leaves: after determining the rci, these leaves were collected immediately, washed in distilled water, placed in paper bags and oven-dried, then ground for analyzing total N concentration (malavolta et al., 1997); (c) yield components (number of pods per plant, number of grain per pod and 100-grain weight) at harvest, collecting 10 plants per treatment; (d) bean yield: plants collected from two 3-m-long rows per treatment and then mechanically threshed. Thereafter, the grains were weighed, the yield calculated in kg ha -1 , and moisture content adjusted to 0.13 kg kg -1 ; (e) relative yield: calculated by defining the average grain yield increase (%) for each N management treatment compared to the average for the control (without N application) (relative yield (%) = (bean yield for each treatment x 100)/bean yield for the control), and (f) efficiency of use of the N applied (ue): determined by the ratio of kg ha -1 yield increase / kg ha -1 N applied per treatment, relative to the control (ue (%) = (grain yield per treatment -grain yield of control)/quantity of N applied to each treatment).
The data of each crop were subjected to analysis of variance. The averages for the treatments were compared by the Tukey test at 5 %. linear correlations were calculated based on the mean relation between rci and leaf N concentration for each period of evaluation, with the leaf N concentration, aboveground dry weight and aboveground N concentration determined at stage r 6, and with grain yield. The t-test was used to verify the significance of the correlation coefficient.
reSulTS aNd diScuSSioN
The rci values of the bean leaves in all treatments and for both crops (rainy and dry growing seasons) increased until 36 dae (full flowering), and then became practically stable ( figure 1a,b) . This could mean that chlorophyll concentration in the leaves stabilized after flowering, and that after this growth phase, the crop response to N is low, probably due to the higher contribution of biological N 2 fixation and redistribution of N in the plant to other tissues, in line with the results obtained by Silveira et al. (2003) and Barbosa filho et al. (2008 Barbosa filho et al. ( , 2009 .
in the rainy growing season, in the early growth phase of common bean, the rci values of the control treatment (m5) were below the readings obtained on the fertilized plots, but after 50 dae, the rci values of the plants in m5 were very close to those of the fertilized plots ( figure 1a) . Throughout the growth period of the dry season, the rci values of the control treatment (m5) were very close to the readings obtained on the fertilized plots, and differed from reference treatment (m1) only in the evaluations 36 and 43 dae (figure 1b). These results can be explained by the process of N mineralization of the plant residues left on the soil surface or by the process of atmospheric N 2 symbiotic fixation, which under suitable environmental conditions can satisfy some of the bean crop requirements for N in combination with bacteria of the genus Rhizobium (Soares et al., 2006) . Barbosa filho et al. (2008) observed that, after flowering, the green of the bean plants in the control treatment was more intense, resulting from rci values very close to those read on the fertilized plots, and reported that this is a result of N mineralization of the plant residues left on the soil surface.
in treatment m3 of the rainy growing season, treated with N according to the chlorophyll meter readings (NSi < 95 %), an NSi of 89 % was observed in the evaluation 15 dae, indicating the need for a first N sidedressing, and in treatment m4 with an NSi limit of 90 %, no readings were below the threshold, requiring no N sidedressing (figure 1c). in treatment m3 of the dry growing season, the NSi value was 94 % of that observed in treatment m1, indicating the need for a first N sidedressing (figure 1d). however, the NSi readings in m4 did not drop below the threshold at any stage fall, and no N sidedressing was necessary. Therefore, in treatment m4 the only N application in the dry growing season was 20 kg ha -1 N at sowing. in the rainy growing season 22 dae, NSi values were 89 % for m3 and 80 % for m4 ( figure 1c) . These values were low, indicating the need for N sidedressing, and 30 kg ha -1 N were applied. The rci values for treatments m2, m3 and m4 after application of N were similar to those observed in the reference treatment (m1) 29 and 36 dae, and since the NSi values for treatments m3 and m4 were higher than the limits defined for each of these treatments, no further fertilizer was required.
in the dry growing season, 36 dae the NSi values of the plants in treatment m3 were below 95 % of the value observed in the reference treatment (m1) (figure 1d), requiring N sidedressing. The NSi values in m3 reached 93 % (NSi < 95 %) 43 dae, indicating the need for further N fertilization. at the same time in the rainy growing season, 30 kg ha -1 N were applied (figure 1c). in treatment m4 (NSi < 90 %), NSi values were above the limit defined. in the NSi values calculated after 50 dae for m3 and m4, no values were below the limit indicating N insufficiency, which can be explained by the stabilization of rci after 50 dae, i.e. the difference between rci values in the treatments was small (figure 1a).
in the rainy growing season, leaf N concentrations in treatment m1 remained practically constant during the initial evaluations and decreased in all treatments after 43 dae ( figure 1e ). This could indicate that concentrates of mobile nutrients, such as N, drop with leaf age due to translocation to other tissues, mainly the reproductive structures, since the plant priorized seed production as a form of species survival, reducing the N concentration in the leaves. in the other treatments, N concentrations varied significantly over time, especially when N was applied to treatments m2, m3 and m4, but also dropped in the beginning of the reproductive phase. however, it is important to note that leaf N concentrations of the control plants (m5) at some stages during the evaluations were above those of some N sidedressed treatments, and practically equal to those observed in the reference treatment (m1). These results are probably related to a dilution effect, since in the N-fertilized treatments, the dry matter quantity accumulated in the aerial part was higher than in the control (Table 1 ). in the dry growing season, leaf N concentration increased up to the beginning of stage r 7 (43 dae) and decreased in this stage (figure 1f). Note that treatments fertilized with the highest quantities of N had higher leaf N concentrations, especially between 29 and 36 dae (beginning of the reproductive phase). despite the drop in leaf N concentration between 43 and 57 dae, there was an increase in leaf N concentrations as of 57 dae, showing that N may be absorbed in later stages by the bean cultivar Perola, as observed by Soratto et al. (2005) .
Nitrogen treatments brought about differences in leaf N concentration at stage r6 (43 dae) in both crops ( figure 1e,f) . in the rainy growing season, the doses of N applied to treatments m1 and m2 raised the leaf N concentration above that of the other treatments. during dry growing season, the highest doses of N applied produced higher leaf N concentration. however, N concentrations in all treatments were within the range considered adequate (30-50 g kg -1 ) for the bean crop (ambrosano et al., 1997) . Binotti et al. (2009) also pointed out that applying five doses of N increased N concentrations in the common bean leaves collected during flowering.
With the exception of the evaluations conducted 36 and 57 dae in the rainy growing season and 22 dae in the dry growing season, leaf N concentrations were positively correlated with rci (Table 2) . a number of studies also report a correlation between the chlorophyll meter rci readings and bean leaf N concentration (carvalho , 2008) . estimating leaf N concentrations using the rci has the advantage that any deficiency can be immediately corrected. however, this method is most efficient when used until the full flowering stage, since after flowering, the response of bean plant to N is low and the leaf rci stabilizes (Barbosa filho et al., 2008 (Barbosa filho et al., , 2009 ).
in the rainy growing season, treatment m1 (reference) produced a higher dry matter yield than the treatments that received lower doses of N (m3 and m4) and the control (m5) ( Table 1 ). The aboveground dry matter produced by the reference treatment (m1) was 132 % higher than that of the control treatment (m5 -without N application). in the dry growing season, the treatment that produced the highest aboveground dry matter yield was m3 (7.3 g/plant), but did not differ significantly from treatments m1 and m4; the lowest value was observed in treatment m5 (4.3 g/plant). a number of studies confirmed increased aboveground dry weight in common bean with the application of N sidedressing (Soratto et al., 2005; farinelli et al., 2006; Binotti et al., 2010) .
in the rainy growing season, a higher number of pods per plant was observed in treatments m1, m2 and m3, differing only from treatment m5 (Table 1) . in the dry season, the highest values were observed for treatments m1 and m2, differing only from m4 and m5. The results show that there is a direct relationship between the dose of N applied and the number of pods per plant. according to the recommendations, N fertilizer should be applied before flowering in order to increase the number of pods per plant, since this is the yield characteristic most influenced by fertilizing (Soratto et al., 2004 (Soratto et al., , 2005 (Soratto et al., , 2006 farinelli et al., 2006) .
The number of grains per pod was not significantly influenced by the N treatments applied to the two crops (rainy and dry growing season) ( Table 2) , probably because this trait is intrinsic to the cultivar (genotype) and little influenced by farming practices. furthermore, this characteristic is generally not correlated with grain yield (Soratto et al, 2004) . Soratto et al. (2004) and Binotti et al. (2009) did not detect any significant effect on the number of grains per pod using N sidedressing.
The weight of 100 grains also remained unchanged by N treatment in both rainy and dry growing seasons (Table 2) . gomes Júnior et al. (2008) found that there was no significant difference in the weight of 100 grains when no-till crops were treated with N doses at various stages. Soratto et al. (2004 Soratto et al. ( , 2005 also observed that N sidedressing did not significantly affect the weight of 100 grains. For Soratto et al. (2004) , N doses induced no major variation in 100-grain weight, which is one of the characteristics that remains fairly constant, irrespective of changes in the crop environment. arf et al. (2008) argued that grain weight is more closely related to the genetic characteristics of a cultivar, i.e. this genetic trait is highly heritable.
grain yield was significantly influenced by N management in the rainy growing season (Table 1) . in the reference treatment (m1), the yield differed from the control (m5) only, and was 60 % higher. Treatments based on the use of a chlorophyll meter (m3 and m4) did not differ from the reference treatment (m1), but allowed smaller quantities of N to be used in the fertilizer, and although there was no statistical difference in comparison with the control, treatments m3 and m4 produced 34 and 22 % higher yields than those of the control (without N application). Treatment m4 (based on NSi of 90 %) was more efficient in the use of the N applied (ue) compared with m3 (based on NSi of 95 %) ( Table 1) . although grain yield for treatment m4 was 23.5 % lower (706 kg ha -1 ), it consumed 150 kg ha -1 less N sidedressing than m1 (reference). Treatment m3 received 90 kg ha -1 less than m1.
The grain yield obtained in the dry growing season was not influenced by N management (Table 1) . Treatment m1 resulted in grain yield that was only 6 % higher than that of the control (m5). N management based on monitoring chlorophyll with the meter produced increases only 4 % (m3) and 9 % (m4) higher than the control (m5). The fact that the control treatment resulted in high grain yield could be due to symbiotic N 2 fixation and/or mineralization of waste from previous crops. Treatment m4 also resulted in a higher ue value (Table 1) . This treatment received only 20 kg ha -1 N at sowing since it did not exhibit any N deficiency during the cycle, consuming 180 kg ha -1 less N than treatment m1 (reference).
in both growing seasons, the lowest quantity of N was used in treatment m4, with no drop in grain yield in comparison with treatment m2 based on local recommendations (ambrosano et al., 1997), i.e. there was a saving in N fertilizer, compared to the routinely used amount (Table 1) . The results obtained for treatment m4 indicate that monitoring with the chlorophyll meter to detect the NSi < 90 % decision criterion in relation to the reference plot could be an important tool to prevent unnecessary N sidedressing of common bean crops.
Nitrogen is a nutrient closely correlated with the chlorophyll molecule (carvalho et al., 2003) . Therefore, providing adequate N supply increases plant growth and protein synthesis, which are both directly linked to grain yield. Positive correlations of rci with aboveground dry matter and bean yield were verified for the rainy growing season (Table 2) . however, in the dry growing season, there was no significant correlation between rci values and grain yield (Table 2) . Soratto et al. (2004) and Sant'ana et al. (2010) observed a positive correlation between rci values and common bean yield. leaf N concentration evaluated during the initial crop stages correlated with aboveground dry matter and grain yield in the rainy growing season, although the correlation was weaker than rci. coNcluSioNS 1. The relative chlorophyll index obtained with a portable chlorophyll meter correlated with leaf N concentrations of common bean.
2. monitoring the rci with the chlorophyll meter oriented decision making on N sidedressing of the bean crop, improving use efficiency and avoiding unnecessary N applications.
3. an N sufficiency index of 90 % is more efficient than of 95 % for defining the threshold below which common bean should be N sidedressed to optimize the use efficiency of applied N.
acKNoWledgemeNTS

